Polyethylene oxo-degradable composites containing antibacterial substances in the form of vegetable oils: geranium, clove and eucalyptus as well as a mixture of nanoAg with nanoCu were discussed. Antibacterial fi lm: PE-0, PE-1A, PE-2B, PE-3C, PE-4D properties were verifi ed according to ISO 22196:2011 "Measurement of antibacterial activity on plastic and other non-porous surfaces" for the two standard bacteria species of E. coli and S. aureus, whereas water vapour permeability tests (Pv) were carried out acc. ISO 15106-2007 "Plastics. Foils and plates. Determination of water vapor transmission rate. Part 1: Humidity sensor method". Film marked PE-4D showed the best antibacterial features and good barrier properties.
INTRODUCTION
In the past 40 years, polyethylene (PE) has been one of the most commonly produced polyolefi nes in the world. It is resistant to the elements, as opposed to oxo-degradable polyethylene, which can be disintegrated in the natural environment by microorganisms over a period of a few weeks 1, 2, 3, 4 . Oxo-degradable polyolefi nes are activated by metal salts with variable valencies, which increase the polymer's capabilities to disintegrate under light and oxygen exposure by catalysing the oxidising degradation of the polymer chain. Polyolefi nes can be produced by means of the same equipment as that used for conventional materials. Furthermore, they demonstrate the same physical and chemical properties as the standard material. The additional benefi t they offer is their ability to decompose without emitting carbon dioxide, which is very important from an ecological point of view 5, 6, 7, 8 . The environmental hazards posed by the production and use of polymer materials has led researchers to search for new technologies for the production and use of products. Different active substances can be introduced into polymeric materials, including substances known to destroy bacteria. Polymeric antibacterial materials are created by combining conventional polymer plastic with antibacterial additives, which inhibit the growth and proliferation of bacteria. Such materials increase the range of application of polymers in the packaging industry
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. The discussion about antibacterial or biostatic substances requires explaining the concepts of antibacterial activity and effectiveness. Antibacterial activity assumes a specifi c numeric value. It constitutes the difference in logarithms between the number of living bacterial cells detected in a product (e.g. fi lm) containing an antibacterial substance and those present in one without such an addition. In turn, antibacterial effectiveness is the capability of an antibacterial substance to inhibit the development of bacteria on the surface of a polymeric material containing an antibacterial substance. Antibacterial effectiveness is determined by antibacterial activity.
The condition for ensuring the right resistance of polymeric materials against microorganisms is to ensure diffusion of the active substance over the surface of the product. Natural essential oils are used more and more often in the processing of polymeric materials. They can be obtained via water distillation using stalks, leaves, infl orescence, infrutescence or roots. The oils vary in content depending on the plant species as well as the climatic and soil conditions in which the plant vegetates
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. Essential oils and nano-compounds have gained the interest of research centres conducting studies on the application of biocidal substances in polymeric materials, as they constitute a certain alternative to antibiotics or bacteriocines.
Additives in the form of organic and inorganic compounds are intended to change the functional properties of paints and varnishes. They can also be used in medical applications 11, 12, 13, 14, 15, 16 and in the processing of polymeric materials 11, 17, 18 . The objective of the study was to obtain oxo-degradable fi lms with at least bacteriostatic properties. Modifi cation of polyethylene using oils and nano ingredients can be an interesting alternative to traditional antibacterial substances, mainly antibiotics, bateriocines and polyhexamethylene guanidines (PHMG) 19, 20, 21, 22 . The article is a continuation of work on polymeric materials containing antibacterial and bacteriostatic substances.
MATERIAL AND METHODS

Material
Films extruded from PE-LD Malen E GGNX 18-D003 (Lyondell Basell) polyethylene (reference material; symbol PE-0) and polyethylene containing 1 wt% of an oxo-degradable concentrate and antibacterial substances were studied. These substances consisted of the following essential oils: geranium, clove, eucalyptus (ETJA S.C., Poland) (1 wt%) as well as a nanoAg and nanoCu mixture (commercially available masterbatch on a polyethylene support; particle diameter: 5-15 nm, colour: yellow-brown) (ITP., Poland) (0.5%) ( Table 1 ).
The oxo-degradable concentrate -mixture of manganese and iron carboxylic salts (IMPiB OFiT, Gliwice)
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. The percentage share of manganese (Mn) and iron (Fe) was respectively: 0.11-0.15%; 0.9-1.0%. A process for the preparation of the concentrate was the subject of patent 
Antibacterial properties
The antibacterial properties of the materials obtained were evaluated acc. ]: meat extract -0.006, pepton -0.02, NaCl -0.01, distilled water -1dm 3 with pH 6.8-7.2. Thus obtained bacterial suspension was transferred to a densitometer (Densi-La-Meter®II, Lachema, Czech Republic) for the measurement of its optical density, subsequently brought to a value of 0.5, which, according to Mc Farland standards, corresponds to 1.5 x 10 8 bacterial cells in 1 cm 3 . The suspension was then diluted with (NB 1/500) until the number of bacterial cells was 7.5 x 10 5 in 1 cm 3 . The fi nal suspensions were transferred to control fi lm (PE-0) and test fi lms (PE-1A, PE-2B, PE-3C, PE-4D) (5 x 5 cm) and covered with sterile thin glass slides (4 x 4 cm) in order to evenly distribute microorganisms on the surface. Previously samples were sterilized under UV light for 15 minutes using Antibacterial activity (R) was determined using the following equation: R = (Ut−Uo) − (At -Uo) = Ut -At
(1) where:
R (log 10 reduction) -difference between the logarithm of the average cfu number (colony-forming unit) on reference samples after 24 h, and the logarithm of the average cfu on the test samples; R is antibacterial activity.
Uo -log 10 average of the number of living bacteria (cells/cm 2 ) recovered from the reference sample immediately after inoculation (0 h).
Ut -log 10 average of the number of living bacteria (cells/cm 2 ) recovered from the reference sample after 24 h from inoculation.
At -log 10 average of the number of living bacteria (cells/cm2) recovered from the test sample after 24 h from inoculation.
Water vapour permeability
Determination of water vapour permeability (Pv) was performed according to standard ISO 15106-1:2007, Plastics -Foils and boards. Determination of water vapor transmission rate -Part 1: Humidity sensor method using an L80-5000 device (PBI Dansensor) 25 . This test consisted in determining the amount of [g] of water vapour permeating the surface of a sample in a unit of time and at a constant temperature. Samples prepared for measurement were stabilized at 23 ±2 o C and relative humidity of 50 ±5%. Five measurements were taken for each sample and the arithmetic mean of these measurements was accepted as the result of the test. The test was carried out at 38 o C.
RESULT AND DISCUSSION
In accordance with ISO 22196:2011, packaging materials (including fi lms) exhibit antibacterial properties if the reduction in the number of culturable test cells (R) between the control sample (e.g. fi lm) and the test sample is at least 2. The reduction R ≥ 2 signifi es a fall in the number of culturable bacteria by two orders of magnitude.
The results of the antibacterial / biostatic properties of the polyethylene oxide fi lm with active additives are shown in Figure 1 . An analysis of these results has revealed that the PE-3C fi lm showed the weakest bacteriostatic properties with regard to S. aureus, while PE-2B fi lm with regard to S. aureus. In turn, PE-1A showed antibacterial properties only against S. aureus. PE-4D material showed a reduction in the number of culturable E. coli and S. aureus cells by a magnitude of The changes in fi lm barrier are not a function. The reduction of fi lm barrier is very important in the context of their use in the packaging. The additions in the form of nanoAg/Cu and geranium, clove and eucalyptus oils have been selected by us for testing with a view to their application to fi lms used in the food packaging industry. There are some potential limitations on eg. the nature of the food products. Choosing the fi lms to the product takes into account the content of fats, carbohydrates or proteins. In addition, the state of aggregation, fragmentation and the character of packaged food are important. The individual characteristics of the packaged goods determine the type of packaging in which this product is to be found 29, 30, 31 . Analyzing the results of our research should take into account the issue of the impact of oxo-degradable concentrate on the bactericidal properties and water vapor permeability.
It is worth considering how big the infl uence on the change of these parameters were the additives in the form of oils and nanoAg/Cu mixture, and what oxidative concentrate that was present in each test sample except PE-0 reference sample. The effect of the oxo-degradable additive itself could be signifi cant, since the pro-oxidants contain metal ions and can be expected to also have antimicrobial activity and effects on water vapor permeability. Therefore, taking this into account, further research should verify its independent role. Richert et al. (2012) conducted functional tests, barrier polyethylene fi lms with nanosilver in the amount of 0.2, 0.4, 0.6, 0.8 and 1.0% by mass. They showed that the permeability of water vapor for pure PE was higher than for other materials. They noted differences in water vapor permeability in the range from 4.6 to 18.8% depending on the used concentration of the nano addition in relation to the reference sample, which was PE 21 . There are many scientifi c and research works that show the results of water vapor permeability through fi lms containing various additives. Unfortunately, comparing them with our results is quite diffi cult due to the differentness of both the polymer matrix used and the additives themselves, their form, as well as the concentrations 21, 27, 32 .
more than 2. In light of the above, these samples are considered to possess antibacterial properties. Taking into account all the results, it can be concluded that despite the failure of PE-2B and PE-3C samples to achieve R ≥ 2 values, which would qualify them as antibacterial, they were nevertheless shown to possess bacteriostatic properties.
It has been shown that fatty and essential oils derived from spices and herbs, may constitute valuable fi lm components
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. This is confi rmed by other literature
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.
According to the authors
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, oils derived from anise, lemon, geranium, clove, mint, rosemary, thyme and diluted in amounts of 1 part weight oil/10 part weight fi ller, demonstrated bacteriostatic and fungistatic properties. In addition, low density polyethylene (LDPE) with 1 wt% grapefruit seed extract effectively inhibited the growth of aerobic and coli bacteria in beef or lettuce packaging 24 . According to publications 18 , nanosilver introduced into the polyethylene matrix in an amount of 0.6% by weight effectively inhibited the growth of E. coli. Copper added in quantities up to 1% by weight into the polyethylene matrix gave it biostatic properties with regard to S. aureus bacteria in a range of R= 0.04 to 0.4 20 . The examples given show that the different antibacterial substances are used in amounts not exceeding 10 wt%. How much is added depends on the nature of the substance and its properties.
The changes taking place in the tested fi lms resulting from the infl uence of additives consisting of essential oils as well as nano silver and nano copper were also verifi ed on the basis of changes in the fi lms' functional properties, i.e. water vapour permeability (Pv) (Fig. 2) .
Tests of the water vapour permeability of fi lm samples containing the additives have revealed an increase in this parameter for most of the tested fi lms. The most signifi cant increase of Pv was noted for PE-2B and PE-D4 fi lm and amounted to 112.3% and 116% respectively. In turn, the smallest increase in Pv (57.6%) was recorded for PE-1A fi lm. Based on the test results it is concluded that changes in the water vapour permeability of oxodegradable fi lms containing antibacterial substances consisted in a decrease of the fi lms' barrier properties.
The permeability of water vapor through the test sample increased, so their barrier properties decreased. 
CONCLUSIONS
The tests have shown that polyethylene (PE) can be modifi ed by oils as well as silver and copper compounds. An additive consisting of a mixture of nanoAg and nanoCu effectively reduced the survival of E. coli and S. aureus bacteria and demonstrated antibacterial properties in PE-4K material. However, fi lms containing geranium (PE-1A), clove (PE-2B) and eucalyptus (PE-3C) oils showed bacteriostatic properties.
The additives led to changes in water vapour permeability, whereas the barrier properties of the fi lms decreased with additive content in the polyethylene matrix. Oxo-degradable polyethylene fi lms containing antibacterial substances are a very interesting group of materials with a wide range of applications in the packaging industry.
In further studies, the individual role of pro-oxidants should be considered. They can have an effect on the change of properties due to the presence of metal ions.
